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Area 1. Observations of the Piarels,

Varus was ot greatest easser: alopgation on Nover har i3, 1§55,
and Jupiter was at sppeosition on Deczmbe

attempted fo obizin expssures using ur

o r
grating has ¢ six irch aperiure, and is
lower ghost intensiiies ther our 33, (0C line per inch criginal grating
ruled by H, G, Cale at the University of Chicago.

Thae fifty foot focal length mivror was emploved in cider to olizin

a larzer iohage of tha plansis, andttavefore reduce the aracunt of verd




The 20, 300 iine per inck Wocd grating gives

Vernus and Jupiter in the photographic ~rfrared. It was inunediztely

found that Venus rose behind Healy tower of Georgetown University which

*
-

is the highsst buildiag on ihe Georgetow:n Campus. This unforivmate
circumstance limited our exposure times to 2bout cne hour before sunriss.
Our imitial spectrograms of Venus were underexposed and naither
hypersensitizing the plates nor increasing the slit width were sufficient
tc obiain proper exposures,
Decause of the unfortunate position of Venus, we had to use a
13, 000 line per inch grating and cheserve enly in the visi%ie nortion of the
spectrum. These alterations enabled us to obiain good exposures of Venus.
Since the focusing of the Wadswerth mounting is very critical, itis
not possible to change any of the optical alignment duri ing the might. There-
fore once the alignment is sst for the vight both Jupiter and Venus have to
be photograpied in the same wavelength region. We were foced with the
decision of either obiaining orly Jupiter in the photcgraphic infrared, or
both Venus and J upiter in ihe visible. We chose the latter knowing that
we have many more opportfunities for cbiaining the specirza of Jupiter in
the irfrared.
The purpose in obtaining high dispersion spa: rograms in the infrared
of Jupiter is described by Kiess, Corliss and Kiess in &p. J. 122, 221, 1963,
In these spzctrograms the features of the amrnonia bands at 54504 and 79004
and the methane bande at 62004, 72502, 84204 and 362CA were identified,
In addition four lines aftributable to molecular hydrogen were found at
8497.52A, 8272,60A, 815C.60A and 8046, 444, Finzlly, gewrersal absorp-
tion was found in Jupiter's specirum. This absorption begins longward
of 4208A and gains in strength with decreasing waveiength until 12 blots
cut the planet’s spectrwm 2 litile shortward of 3800A, The br righiness of
Jupiter is veduced by one-half relative to thas of the moon for r every

2

decrease of 1354 in wavelength,
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At pr=sent we have one graduate student investigating the speciral
plates of fupiter in the long wavelength region. This program is intenced
to confirm the previcusly reported absorption featuree, tc look for new
absorption features, and to look for variations of these absorption features
as 2 function of time, We have many excellent plates which were obtained
under this grant, and this particular graduate student's timme is being
contributed to the grant.
Area 2. Simulation of the Martian Atmnosphere and Analysis in the

Fhotggraphic Region,

As yet we have not definitely proved or disproved the existence of

the oxides of nitrogen in the Martian atmosphere. I[n order to prove the
existence cf the oxides of nitrogen, it is considered necessary to positively
identify spectral bands or lines in the planet's spectrum. The main
stumbling blccks to positive identification are as follows.

1. The oxides of nitrogen exist in the earth's atmosphere. In crder

to reduce the possibility that the NO_ appearing in the Martian plates is

atmospheric, the moon's spectra is iaken juxaposed to the spectrum of
Mars, and as near in time and altitude as the planet.

2. The spectrum of nitrogen dioxide is very complex and has not
been analyzed in the visible region. Tables of laboratory spectra made by
Miss Carwvle for her doctorate dissertation at the University of Virginia
in 1927 do not correlate very well with tables obtained by Corliss at the
Bureau of Standards in 1961 (anpublished data}). The evidence of NOZ in
the Martiar spectrograms that were iaken in ths opposition of 1956, 1960
and 1963 has been based on this data with some degree of uncertainty
because of this lack of agreement. The absorption spectrum of the
peroxide in the visible region is due 2lmoet entirely to the diokide NOZ"
It consists of myriads of fine, closely-spaced lines represeenting the
rotational stvucture of unidentified vibrational bande of the molecule.

Even the rctational lines are fuzzy under the highest dispersion, and no




present smd s to deiermine the energy levels leading to the franpsiiions
in the photngraphic region.

ne

3. Thae photographic Zensities of the iines zud barnds of NG, ars
pat

&

d
strongly cifested by path length and exposuve time. Only & amall portisk
and

of discrete linee or harnds of NO,_ are visible in any one exposurs. This

2
fact has heer overlooked bty many investigators in ssarching for NOZ iv
the visible spectrum of Mars.
| 4. There is much blending between the N()2 ilines in the Martian
spectrum: and the Fraunhofer lines of the sclar specizam. Because of this
fact the sular lines would be deepend, or distoried when over laid by ike

very nwxgrous NO, featur=2s, and consequentily many of the NO, features

2 Z

will not b2 evident,

ir order to circumvent thess difficuities the following procedures
are followed. |

a. The spectrum of Mars is always obtaired with the moon
juxaposed: t0 the spectrum of Mars, The two exposures are taken as
close in tline 28 feagible in order to minimize any atmospheric changes
in the eaxtn's atmosphere, The zlititude of Mars and the moon are taksen
as close iz aititude 28 is feasible in order that the same air mass is
used, Ip zddition the length cf exposure is reguliaied so that the
phoiogranhic densities of the two bodies match at Ho., The length of the
lunar exposure can vary from 15 minutes at full moon to about & hours at
ore guarier phase. The ideal would be to have the planetary exposure
time the 3ame iength as the lunar expcsure time 2ad meet all the other
conditions, This however is seldom possible. Therefore we take
exposures on every clear night and try to meat the conditions as well zs
possible, We now have many sets of excellent plates for Mars, Venus
and Jupitar,

B. Since the spectrum of NC,_ is so comple:: that no attempt can

2
be made under the present study to determine the energy ievels leading to
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" the trapsi‘ions in the photographic region, descriptive methods must be
used in order to identify NOzo
wavelengti of the feature and an estimate of its intensity. Of particular

These descriptive methods include the

interest are sharp features in the NO_ spectrum. We have found quite

2
a few sharp NO_ features which also appear on Martian plates, however,

we need moere iient!fications to be sure of cur findings. Some of the
sharp features cannot be used as they are blended with strong Fraunhofer
lines in the solar spectrum. From the converse point of view all the
peculiar Martian features seem to have corresponding NOZ features.

c. The fact that the photographic densities of the lines and features
of NOZ are sirongly effected by path iength and exposure time may be to
our advantage, If the sun's light is sent through the sptical tube, and the -
pressure of the peroxide is varied, then the rolative intensities of the NO‘z
and Fraunholer absorption lines should vary correspondingly. We ther can
compare the relative intensities of the lines in the Martian spectra, We
have investigated pressures which so far give path lengths which are too
long for the amount of NOz in the Martian atmosphere. We are planning
to reduce this pressure to a point which will match our exposure of
December 30, 1960. This exposure “vas taken very near to the time of
zero radial velocity between the earth and Mars. The actual point of zero
radia.l velocity occured on December 25, 1960. However, the actual
doppler shift on December 30, 1960 was approximately 0. 04A at 5000A
and should not adversely effect our results,

d. In general the blending of NOz features and Fraunhofer features
causes considerable difficulty. There are two methods for sorting out
these two features. First we can look in areas where there are few
Fraunhofer lines, secondly one can integrate under the microphotometric
tracings of the two spectra and calculate the differences. The latter
method is much more satisfactory and our procedures are quite accurate,
however, the method even though it is completely mechanized is quite

time consuming. We are therefore at present confining our efforts with




make our positive identifications, If we than can positively identify Z’»‘;iir-z
on this piate, ther we will investigate the cthe» plates for redundancy,

2 with timae,

Area 3. Simulation of the kfartian A&“xcspne'% and Amnalysis in the

and for varictions of the amount of NG

Infrared Regon.

In cozjunction with the National Bureau of Standards the following
infrared spectral reflectance measdrements have been made,
‘Wavelength region 2.5 to 22,21
1o HZO frost on Brass,
e HZO frost on black electirical tape.

3. CO, frest,

2
4, Mixiure of Nz(} 4 frost and s'IzO frost,
3, Mixture of NZO 4 frost and VOZ freost,

6.  Mixture of CO{z frost and HZO frost.,

Te NZO 4 frost,

‘Wavelength region 0.6 t0 2.5
i, N 0 frost blue area viewed,
D NZOS frost white area viewed.
A. Measurements in Wavelength Region 2.5 20 22.2 1.

Dr, Gebastian Karrer, coasultant to Georgetown Observatory,
assisted in the handhzzg and safeguarding the instrumentation and perszonuel
from damage of mtrogen peroxide, The nitrogen peroxide was furnished
by Georgstown College Cheervatory, The National Bureau of Standards
financed the tests, The insirumentation used in making the measurements
was provided under the "Infrared Optical Measurements'' program firanced
by the Advanced Research Projects Agency,

Tae vesults are presented by the Nzational Bureau of Standards in
NBS Test Nc. 212, 11P-20/66 entitled "Infrrared Speciral Reflectance of
Frost 4000 to 450 Wavenumbers (2.5 to 22.2 1) Formead at Temperatures

Below Approxirnately Minus 106° C.'" The purpose of the test was to
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meagure the spectral direclional reflectance of nitrogen tsiroxide
(N204) frost, HZO irost, COZ frost, and mixtures of these frost samplas,
Measurements of spectral directional reflectance of the samples
were made by means of a Cary-White Model 30 recording speciropbotometer.
The measurements were ma2de for total hemispherical illumination by using
a nichrome helix source operating at 45 watis and 2 thermccouple detecticor,
The frost samples were collected and measured on a speciaily
prepared sarple holder consisting of 2 polystyrene foam ligquid-nitrogen
container having a 50mun cube cavity, The frosi was formed on 2 50mm
square brass plate Imm thick. Brass machine screws silver soldered ic
the brass plate projected from its base into the liguid nitrogen resevoir,
Liquid nitrogen was added to the reservoir, as needed, through an
opening: connected to the reservoir, In this way the brass plate and frest
formation on its upper surface were maintained at a2 low temperature
throughout 2 pericd of approximately 15 minutes necessary for making the
measurements of spectral directional reflectance. The thicknezs of the
frost formations were approximately 2mm.

A saraple of NZO frost was preparad by covering the brass plate

with 2 Saran Wrap envel:pe and allowing the evaporating liquid nitrogen

to purge ihe space between the brass plate and the envelope, A tubing

from the compressed gas cylinder containing nitrogen peroxide was inserted
into the purged envelope and ditroger peroxide was released a a siow rate

until a layer of N,O frost approximately 2mm in depth was formed on the

brass plate, The S:raa Wrap envelope was removed after the sample
holder was placed in the closed dry-air-purged reflectance attachemnt of
the instrument., To protect the optical system of the instrument from
possible damage in the event of release of nitrogen peroxide gas due to
the sublimation of the frost, an exhaust line was employed to remove

such gas, however, no such sublimation was cbserved,

A saraple of HZO frost was prepared by placing the same holder in

a clesed container with warm water. The container was first purged of
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Cﬁz by allowing ligaid nitrogen o evaporate in it fuv 2 few minuls
exposing the srass plate to e vapor from fhe warm water, The conislaer

with the H, D frost zample was then placed in position Jor measurenieni iv

LA

- =] fxd CACK: »f the instzament. 9%
the dry-air- urged veflectance attackment of ihe instrament. A second

gample of H_D i{rcst was prepared with the orass plate covered with

black elescirical tzpe o determine the influence that the backing material

had on the reflectance measurement. This comparisen was made only

for the HZO irost. As it was found that the brass backed frost sample was

only slighily higher in reflectance than the hlack tape sample, it i3 assurnea
that a 2mm layer of {zost is sufficient to give a representative reflectzzice
curve for the frost,

A saniple of CO, i{rest was prepared in 2 manuar similar to tha?

2

vsed in th2 preparation of the HZO frost., Crushed dry ice was placed in &

closed comntainer with the liquid nitrogen cooled sample holder and a layer

of COZ frost was deposited on the dbrass plate.

The other samplescffrost prepared and measured consisted of

mixtures of NZO 4 frost and H O frost, NzO frost and coz frost, and

HZO frost and CO2 frost,

Ai‘hough the measurements of speciral direciional refiectance of
N204 frost, HZO frost, and CO2 frost were believed to be of nearly pure
samples, there is 2 possibility of some contamination. No aitempt was
made to determine the ratio of one frost to ancther in the mixed samples.
B. Measurements in Wavelength Region 0.6 to 2,5 u.

Dz, Sebastian Karrer, consuliant tc Georgetown Obssrvatory,
designed a special flask in which solid Nzo3 was formed. The flask was
filled with an equivalent amouni of NO and NOzo These two mcolecules
chemically re2act ¢to form NZOZ% which is almost complete at low
temperatvres, The reaction is not instantaneous but requires time for
completion, The flisk was coaistrur:ted of an B-inch damaeter Tound
bottorn bezker, The neck of the flask was sealed te 2 vacuumn jacketed

cold finger which projected into the fiask to within approximately 1/4 irch
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of the boilorn of the fask. Tie beilowm of ihe cold finger was noi vastuia

jacketed :ut ‘vas treated to provids a roughened suriace wpon whichk fhe

T

cryogenic denosits could adhere. The observations of N_O_ are meuch
: 273

meore gifficul? than those of N204 irosg, COZ frost, and HZO frost becauss
the N203 dAisassociates intoc NO and NaOz ezcept at very low temperaturas,

and also, if exposed to dry air it will become contamninated and

disassociztes,

The measurements of N, O, were made at the Mational Bureau of

273
Standarde znd are presented in NES Test No. 212, 11P-46/66 entitied
"Spectral Liirectional Hemispherical Reflectance Relaiive to MgO of

£

Cryogenic Deposits of N,O_." The mezsuremenis were made by means cf

a Cary Model 14 recardiigipec%rophotome%ze equipped with a Cary
Model 14:1 reflectance attachmens,
C. Resalts of Infrared Expariments.,

The asiudy of the infrared spectrum of the oxides of nitrogen was
initiated by the article in the American Scientist of December 1963 by
Robert M. Danielson entitled "The first Flight of Stratoscope II." Even
though only cze half of an hour was devoted to tracing the Martian infrarzed
spectrum, reference was made to (wo features in the Martiar spectrum
near 2,0 and 2. 7 microns. In this article Dr. Danizlason states that these
features are “lmost eniirely due to Mawxtian carbon dicxide.

In the reflectance sxperiments conducted at the NBS indesd 2 CCiZ
band at approximately 2.7 1 appears. However N204 frost also has 2
band begirnirg at 2.6 y which is quite wide z2nd extends to about 3.9 .

The combiration of CO, frost and N,O

2 24

Danielsonis 2.7 1 band 28 well a8 the pure COa band. The NZO . frost

begins to absorb just in the region where Danielson indicates the presence

frost giveg a spectrurn which fits

of 10 microns of water vaposr in the Martiar atrnosphere,

The N303 specirumn shows features 2t approximately 1. 37 u whizh

is weak, 2t asproximately 1. 72 u which is wealk, af aporoximateiy 1.81 p
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" which is strong; at 1.89 u whick is weak, 2t 1.95 i which is weak, at . ¢ u
which is weak, at 2.14 u which is strong, and a strong absorpiion feature
starting 2t approximately 2.24 1> and continuing out to 2. 5 u (the end of the
tracing) with slight undulations.

At first glance and without better Martian data we can conclude
the following

1. That Danielson's data does not negate the presence of the
oxides of nitrogen on Mars.

2. That the absorption which he attribuies to water vapor on Mars
could be equally well attributed to either N_O_, or N,O

273 274

3. That a combination of NZO ¢ frost and COZ frost fits kis 2.7 u

band as well as C()z frost by itself, but that pure NZO 4 would not fit
Danielson's data because its absorption feature extends to longer wave-
lengths than Danielson's absorption band does.

4. That the scatter in points starting at 2.1 1 and continuing to
2.5 u can be attributed to N,0, absorption,

5. Better Martian data is needed in order to unambiguously fit
the laboratory data,
Area 4, Other Work,

1. A note was published entitled '"Faint Terrestrial Lines in the
Solar Spectrum Near 8200&" in the Astrophysical Journal, Volume 143,

page 595, February 1966. This article in answer to two articles publizhed

by Kaplan, Spinrad, and M:nch concerning the evidence of water vapor on
Mars.

2. The correlation studies of Martian phenomena will be compiled
and finished this summer when the assistant who is performing this
project returns to Washington,

3. A Masters thesis is being completed which is aimed at
determining the variations of NO, in the earth's atmosphere from studies

2
of the lunar epectrum at various times and altitudes,
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4, Additioral motion pictures have been taken of laboraiory
experiments ei<hibiting the characteristics of the oxides of nitrogen.
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